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My invention relates to the transformation, 
storage, distribution and utilization of energy in 
a novel manner, whereby greater efficiency is ob 
tained than has been possible heretofore. 
Power plants and systems for distributing en 

ergy to consumers operate on low load factors for 
reasons of the very great variations in demand 
for electricity. It is known to those connected 
with the central electric station industry that, 
the unutilized off-peak capacity of such power 
plants is generally 50% to 75% of the total ca 
pacity. In addition to off-peak capacity there is 
usually idle surplus capacity of new power gen 
erating units erected to meet expected increases 
in demand for electricity. 

It is an object of my invention to utilize this 
off-peak and Surplus energy of power Systems by 
Creating more efficient methods for storing and 
utilizing energy. By such means I am able not 
Only to utilize idle capacity but also to use con 
tinuous poWer from new power plants in an effi 
cient and economical manner. 
To clearly explain the novelty of my invention 

and also its great economic advantage, I will give 
a Specific example to show the Wasteful methods 
now in use in many parts of the world. For my 
example I will refer to the district, in which the 
cities of Port Arthur and Fort William, Ontario, 
Canada, are located. In this region there is a 
large installed capacity in hydroelectric power 
plants and still larger resources in undeveloped 
Water power. A large part of the installed can 
pacity represents off-peak and surplus power 
which cannot be used or sold. The district has 
extremes of climate and is remote from sources 
of coal, oil and natural gas. Yet, under existing 
conditions, large resources in energy in the form 
of developed and undeveloped power remain un 
utilized while energy in the form of coal and oil 
is transported thereto at great expense. This 
example is not exceptional but is common to 
many regions in all parts of the World. The 
reason that such conditions exist is that no one 
has heretofore shown how they could be in 
proved in an efficient, economic, and practical 
are 
According to my invention I transform electric 

energy into another form of energy, so that it can 
be utilized at once or stored over long periods 
and Subsequently distributed and utilized in a 
most efficient manner. According to my invention 
I use electric energy and transform it to tie 
potential energy of matter which can be stored 
and transported and Will liberate energy in the 
form of heat. I can do this without interfering 

(C. 290-) 
with the normal supply of electricity by using 
off-peak and surplus power. According to my 
invention I can absorb electric energy at One time 
and use it to produce heat energy at the same 
time or days, weeks, months or years later. For 
instance, I can absorb electric energy in Summer 
and use it to generate heat energy in any Sub 
Sequent winter season in a most efficient man 
e. 
It is known that electricity can be utilized to 

decompose water into hydrogen and oxygen and 
it has been proposed to store hydrogen as a gas 
So that it can be utilized at a later time for the 
production of heat. For that purpose it has been 
proposed to operate cells under high pressures 
so that hydrogen can be stored as a gas at lower 
cost than possible at atmospheric pressures. This 
method of energy Storage is Valuable in that 
energy available during a daily off-peak period, as 
at night, could be stored and utilized the follow 
ing day. For long periods of storage, however, 
the method is impracticable for the reason that 
the cost of high pressure containers is too great 
to enable one to store hydrogen gas from Summer 
to winter. Such seasonal Storage therefore must 
be effected in low cost apparatus operated at 
normal pressures. Whereas it has been proposed 
to generate hydrogen for Storage at preSSures 
of even up to 15,000 lbs. per square inch, I can ef 
fect similar results at approximately atmospheric 
preSSLIre. 
In order to do this I not only transform the 

energy of electricity into the energy of hydrogen 
but introduce one or more further transforma 
tions of energy. For the reason that it is ex 
pensive to store gas I transfer the potential en 
ergy Of hydrogen to that of a Solid which can be 
stored at atmospheric pressure and which can 
be subsequently used to generate hydrogen from 
Steam. In other words introduce several trans 
fers of energy as (1) from electricity to hydrogen; 
(2) from hydrogen to a solid which I store; and 
(3) from the solid to hydrogen. 
According to my invention, electricity produced 

by a hydraulic or thermic power plant is used in 
electrolyzers for the generation of hydrogen. As 
an illustration, although other known electrolytic 
processes could be used, will refer to apparatus 
for the electrolysis of Water into hydrogen and 
oxygen at or considerably above atmospheric 
pressure. The hydrogen will contain a large por 
tion (perhaps 80%) of the energy consumed and 
oxygen Will be a bi-product. Some of the hydro 
gen, for Which there is an imhediate or almost 
in mediate use, is fed into a public utility pipe 
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2 
line System, having Suitable gasometers or pres 
Sure holders to balance variations in daily de 
mands, to various consumers. The hydrogen 
may be distributed alone ox' other gases, either 
combustible or non-combustible, may be nixed 
With it prior to distribution. The oxygen also 
may be distributed in separate public utility pipe 
lines to consumers for purposes which will be 
explained later on in this specification. 
That amount of surplus hydrogen, for which 

there is no demand for heat producing purposes 
at the same time Of the same day it is produced 
is prepared for storage for a matter of days, 
Weeks, months or even years. As it is not eco 
nomic to Store vast quantities of gaseous hydro 
gen, I use, electrolytic hydrogen to produce a 
Solid Substance, which can be readily stored and 
transported and by means of which it is easily 
pOSSible to generate hydrogen at a later time. 

In carrying out my method, a Suitable appa 
ratus contains oxides of certain metals, such as 
iron, which when heated can be reduced by hy. 
drogen to metal which can be used later to gen 
erate hydrogen by the action of steam on the hot 
metal. In various industries a somewhat similar 
process is used for the manufacture of hydrogen. 
For instance, a soap works requiring hydrogen 
Will use water gas to reduce solid oxides of iron 
Which, while still hot, are blasted with steam for 
the production of hydrogen. Ordinarily one 
complete cycle takes about thirty minutes and 
in twenty-four hours some forty-eight cycles are 
Operated. It is apparent of course that this com 
mon practice does not utilize electricity or pro 
Wide means for energy storage. According to my 
invention I utilize electricity which is surplus at 
any time to make hydrogen which I then use to 
reduce Oxides of metal, So that the kinetic en 
ergy of electricity can be stored as the potential 
energy of a metallic Solid. Such storage can be 
cheaply effected for the reason that no pressure 
is required and, theoretically, approximately as 
much hydrogen can be generated from One cubic 
foot of storage space as would require 15000 lbs. 
pressure of hydrogen gas stored. I of course 
effect this new and useful improvement by intro 
ducing a series of energy transfers, one being in 
the form of reduced metal. 
In common practice the oxides and the metal 

remain in the Solid State but the process could 
be operated also with the materials in a molten 
state, the gas or steam being blasted through the 
molten material. The reduced metal can be 
stored in the same apparatus as a Solid or as a 
liquid. When hydrogen is required at a later 
time, steam is passed over or through the stored 
metal after it is heated. The metal reoxidizes and 
hydrogen is liberated from the steam and can be 
distributed in pipelines to consumers for purposes 
of producing heat by combustion. The reoxidized 
metal can be used repeatedly, particularly if the 
reactions are performed in the molten state. 
While it is not essential, the hydrogen could 

be enriched with fuel gases produced from other 
Sources. This mixing With gases from other 
Sources may not be desirable in cases where 
there is a large Supply of power available, be 
cause it would probably introduce poisonous car 
bon monoxide into the gaseous mixture and other 
undesirable gases or impurities. Hydrogen itself, 
or a mixture with nitrogen, is a very desirable 
gas for domestic and industrial use. Hydrogen 
is non-poisonous; hydrogen can be burned with 
Out flueS in the open room because its combustion 
produces only Water and because the moisture 

2,088,618 
humidifies the atmosphere and reduces the fuel 
requirements. Hydrogen is less explosive than 
Other gases, because it is light and diffuses rap 
idly and will not pocket to form explosive mix 
tures with air so rapidly as other gases. Hydro 
gen burns With a hot short flanne and concen 
trates its heat and is therefore more efficient than 
other gases. Hydrogen is particularly desirable 
as a fuel in a kinds of industrial and metallur 
gical and ceramic furnaces used for the manufac 
ture of iron, Steel and other metals, glass, cement, 
refractories, abrasives, brick, tile etc. because of 
the flame characteristics above named and be 
CauSe no impurities are added to the products 
made in these furnaces, and because any desired 
Oxidizing, reducing or neutral furnace atmos 
phere can be obtained by merely regulating the 
Supplies of gas and air. 

I propose also to distribute the by-product 
electrolytic oxygen produced by the power plant 
in pipe lines to industrial consumers. By this 
procedure, pure oxygen can be added to the air 
or completely substitute the air used to burn 
fuels. Additions of pure oxygen to air tend to 
shorten flames, to concentrate heat and to ele 
vate flame temperatures. This elevation in tem 
perature can be easily controlled by regulation of 
the oxygen supply. This facility for elevating and 
controlling temperatures in industrial furnaces is 
an exceedingly important matter. In high tem 
perature processes, such as glass or steel manu 
facture, the fuel efficiency is usually very low for 
the reason that the difference in temperature 
between the flame and the charge may be Small 
and consequently, the flow of heat, is retarded 
and much fuel is wasted. By elevating flame 
temperatures, by the admixture of pure oxygen 
With the air, the consumption o fuel in such in 
dustrial furnaces may be considerably reduced. 
I therefore propose to pipe electrolytic oxygen as 
Well as electrolytic hydrogen, as part of a power 
plant System, to various industries so that they 
can produce high temperature heat in industrial 
furnaces. 

I also wish to draw attention to the use of high 
OXygen concentrations for combustion of electro 
lytic hydrogen. The hydrogen oxygen flame is 
Similar to the electric arc because the flame is 
short, the temperature is high, and the heat is 
concentrated. It has the advantage over the 
electric arc that the products of combustion serve 
to distribute and transport heat to the charge. 
The generation of hydrogen and oxygen with off 
peak power as part of a power plant system and 
the distribution of the two gases separately to 
industry tu produce high temperature flames, 
therefore, Substitutes for the distribution of ex 
pensive peak power to industry for the operation 
of electric furnaces of all kinds and at the same 
time, provides such advantages as above named. 

Referring to the drawing forming part of this 
Specification f is a hydro or thermic power plant 
or power System having off-peak or surplus elec 
tric energy, which can be generated as or con 
verted to direct current electricity, (2 and 2-) 
represent the positive and negative current leads 
to a battery of cells 3 connected in series for the 
production of hydrogen and oxygen at approxi 
mately atmospheric pressure. Each of the cells 
is provided with an oxygen outlet 4 and a hydro 
gen outlet 8. The oxygen outlets 4 are connected 
to a manifold 5 which serves as a conduit for 

- conducting the oxygen to a public utility pipeline 
distributing System 6 which includes a gas holder 
indicated at 7 for storing surplus oxygen. 
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The hydroger outlets 8 from the cells 3 are con 

nected to a manifold 9 which leads to a pipe fo 
forming part of a public utility distributing sys 
tem, there being gas containers for holding a 
moderate supply or limited quantity of the gas. 
The hydrogen for which there is no immediate 
demand is specially chemically treated or availed 
of So that the potential energy of the hydrogen 
is stored in such manner that hydrogen can at 
a later time be generated when needed without 
the use of high pressure tanks. 
To this end I provide a reduction furnace 2 

COntaining, originally, iron oxide and heated by 
any preferred or accepted means, not shown, the 
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idea, being that when hydrogen is brought into 
contact with the heated iron oxide it will reduce 
the Same, so that the resultant “sponge' iron 
can be stored in appropriate and convenient bins 
above or under ground. The reducing furnace is 
connected with the pipe line 0 by a pipe 3 so 
that the Surplus hydrogen will be conducted into 
the furnace to unite with the oxygen of the iron 
Oxide and thereby reduce it. Leading into the 
reducing furnace 2 is also a pipe 4 for the pur 
pOSe of later conducting steam thereinto So that 
the steam will be broken down into oxygen and 
hydrogen, the former uniting with the sponge iron 
to reconvert it into iron oxide, and the latter pass 
ing back into the distribution System O. 
When the demand for hydrogen exceeds the 

Supply furnished by the electrolytic cells 3 and 
the storage tanks if the supply is augmented by 
breaking down steam in the reducing furnace and 
feeding the resultant hydrogen into the system 
O. 

If it is desired to enrich the gas a pipe 5 leads 
gas from a plant 6 used to produce Such enrich 
ing gas. In an example, 23 may represent appa 
ratus to gasify liquid butane, or it may represent 
a gas oil plant, a coal gas plant, coke oven plant, 
a Supply of natural gas, or any source of any 
gas which it may be desired to add to the sys 
tem. 0. 

T represents an industrial furnace of any kind 
in which electrolytic hydrogen alone, or mixed 
with other gases, is burned to produce heat. The 
pipe 8 leads electrolytic oxygen from the pipe 
line system 6 to the burner 9 where both electro 
lytic hydrogen and electrolytic oxygen are burned 
together to produce heat. It is understood of 
course that oxygen can be also distributed for all 
other purposes. 
In the drawing forming part of this specifica 

tion I have illustrated only one means for using 
surplus hydrogen, that of reducing solid oxides or 
iron, but it is to be understood that other means, 

60 

Such as reducing molten metals from oxides, could 
also be used for similar purposes. 
From the above specification and drawing 

forming part thereof it is seen that my invention 
utilizes off-peak and surplus electric energy and 
transforms it first into the potential energy of 
hydrogen gas and subsequently into the potential 
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energy of other substances which can be stored 
and transported and which will liberate energy 
in the form of heat at a different time and place. 
The methods I have described are merely to illus 
trate my invention. I wish to point out that 
there are several other known chemical processes 
for accomplishing similar results and that it is 

75 

to be understood that I do not limit myself to 
the methods described, because obvious modifi 
cation will occur to a person skilled in the art. 

Having thus fully described my invention what 

3 
claim as new and desire to secure by Letters 

Patent, is: 
i. In an electric power system, electrolytic ap 

paratus for the production of hydrogen, means 
for storing energy at atmospheric pressure con 
sisting of apparatus for the, manufacture of a 
metallic Substance with the hydrogen, storage 
means for the said substance and apparatus for 
producing hydrogen. With said Substance. 

2. In an electric power System, electrolytic ap 
paratus for the production of hydrogen, means 
for storing energy at atmospheric preSSure Con 
sisting of apparatus for the manufacture of a 
metallic Substance with the hydrogen, Storage 
means for the said substance, apparatus for pro 
ducing hydrogen with said substance and distri 
bution means, the said distribution means Con 
stituted by public utility pipe lines. 

3. In an electric power system, electrolytic ap 
paratus for the production of hydrogen, means 
for storing energy at atmospheric pressure con 
sisting of apparatus for the manufacture of a 
metalic substance with the hydrogen, storage 
means for the said substance, apparatus for pro 
ducing hydrogen with said substance, distribution 
means, the said distribution means constituted by 
public utility pipe lines and heat producing means, 
said heat producing means constituted by hydro 
gen burners. 

4. In an electric power system, electrolytic ap 
paratus for the production of hydrogen, hydrogen 
distribution means constituted by public utility 
pipe lines, means for storing energy at atmos 
pheric pressure of the surplus hydrogen consist 
ing of apparatus for the manufacture of a me 
tallic substance with said surplus hydrogen, Stor 
age means for the said substance, apparatus for 
producing hydrogen with said substance and 
means for adding hydrogen so produced to the 
hydrogen distribution means. 

5. In an electric power system, electrolytic ap 
paratus for the generation of hydrogen and oxy 
gen, separate hydrogen and oxygen distribution 
means constituted by public utility pipelines, heat 
producing means constituted by hydrogen burn 
ers, means for storing the energy at atmospheric 
pressure of the surplus hydrogen consisting of ap 
paratus for the manufacture of a metallic Sub 
stance with the said surplus hydrogen, Storage 
means for said substance, apparatus for produc 
ing hydrogen with said substance and means for 
adding hydrogen so produced to the hydrogen dis 
tribution mean S. 

6. In an electric power system, electrolytic ap 
paratus for the production of hydrogen and oxy 
gen, separate hydrogen and oxygen distribution 
means constituted by public utility pipe lines, 
heat producing means constituted by burners con 
surning electrolytic hydrogen and electrolytic OXy 
gen, means for storing the energy at atmospheric 
pressure of the surplus hydrogen consisting of 
apparatus for the manufacture of a metallic sub 
stance with the hydrogen, storage means for the 
said substance, apparatus for producing hydrogen 
with said substance and means for adding the 
hydrogen so produced to the hydrogen distribu 
tion means. 

7. In an electric power system, electrolytic ap 
paratus for the production of hydrogen, hydrogen 
distribution means constituted by public utility 
pipe lines, heat producing means constituted by 
hydrogen burners, means for storing the energy 
of the surplus hydrogen consisting of apparatus 
for the reduction of metallic oxides to metal with 
the surplus hydrogen, storage means for the said 
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metal, apparatus for producing hydrogen from 
steam with the said metal and means for adding 
the hydrogen so produced to the hydrogen dis 
tribution means. 

8. In an electric power system, the method of 
storing energy at atmospheric pressure produced 
by the system, comprising the generation of elec 
trolytic hydrogen, the production of a metallic 
Substance, the storage of the substance and sub 
sequent utilization of Said Substance to generate 
hydrogen, whereby electric energy is transformed 
to the potential energy of hydrogen gas, thence 
to the metallic Substance and Subsequently again 
to hydrogen gas. 

9. Means for storing energy at atmospheric 
pressure consisting of apparatus for the manufac 
ture of hydrogen, apparatus for the manufac 
ture of a metallic substance by union. With the 
hydrogen, storage means for the said substance, 
apparatus for producing hydrogen with said Sub 
stance and means for generating heat by itS COIn 
bustion. 

10. In an electric power system, the method of 
storing energy produced by the system, compris 

2,086,638 
ing the transfer of the kinetic energy of elec 
tricity to the potential energy of hydrogen, then 
to the potential energy of a metallic Substance, 
the storage of the said metallic Substance and the 
Subsequent transfer of its potential energy to that 
of hydrogen gas. 

11. In an electric power System, the method of 
storing surplus electrical energy comprising uti 
lizing it for electrolytically generating hydrogen, 
utilizing the hydrogen to reduce a metallic oxide, 
storing the metal obtained by Such reduction 
until energy is demanded, reoxidizing the metal 
with steam to release the hydrogen content of 
the steam, and then utilizing the thus liberated 
hydrogen. 

12. The method of utilizing hydrogen which is 
surplus at one time for the production of hydro 
gen at a later time, comprising utilizing the hy 
drogen to reduce a metallic oxide, storing the 
metal obtained by such reduction, reoxidizing the 
metal with steam to release the hydrogen content 
of the steam and then utilizing the thus liberated 
hydrogen. 

ALEXANDER, THOMAS STUART. 
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